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FOREWORD 


This  Interim  report  details  the  results  of  Sun  Tech's  studies  In  Phase  I  of 
this  contract. 

Preliminary  Process  Analyses  (Phase  I)  was  carried  out  under  Contract 
F33615-78-C-2024.  The  program  Is  sponsored  by  the  Aero  Propulsion 
Laboratory,  Air  Force  Wright  Aeronautical  Laboratory,  Wright-Patterson  AFB, 
Ohio,  under  Project  3048,  Task  05  and  work  unit  01.  Ms.  Eva  M. 
Conley/AFWAL/POSF,  was  the  assigned  Air  Force  Project  Engineer. 

Phase  I  work  reported  herein  was  performed  during  the  period  of  2  January 
1979  to  1  July  1979  under  the  direction  of  Dr.  Abraham  Schneider, 
Scientific  Advisor,  Sun  Tech,  Inc1.  This  report  was  released  by  the  authors 
In  September  1981. 

Sun  Tech's  program  manager  wishes  to  express  his  appreciation  to  Major  D. 
Potter,  USAF,  and  Lt.  E.  N.  Coppola,  USAF  for  their  help  In  formulating  the 
economic  assumptions  upon  which  the  financial  aspects  of  Phase  I  are  based 
and  to  Dr.  Herbert  Lander  and  Ms.  Eva  M.  Conely,  for  their  assistance  In 
overcoming  administrative  and  logistical  problems  associated  with  this 
project. 

The  authors  wish  to  thank  E.  J.  Janoskl  for  his  contributions  In  the  area 
of  HC1  extraction  and  S.  Florelll  and  T.  J.  McDowell  for  their  assistance 
In  estimating  plant  Investments  and  operating  costs. 

This  report  Is  Part  I  of  a  planned  number  of  parts  of  an  exploratory 
research  and  development  program  leading  to  specifications  for  aviation 
turbine  fuel  from  whole  crude  shale  oil.  Part  I,  Preliminary  Process 
Analyses,  evaluates  three  different  technically  feasible  processing  schemes 
proposed  by  Sun  Tech,  Inc.  for  converting  100,000  BPCD  of  raw  Paraho  shale 
oil  into  military  turbine  fuels.  Oder  parts  will  follow  as  the  different 
phases  of  the  program  are  completed. 
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SECTION  I 


SUMMARY 


This  report  covers  work  performed  by  Sun  Tech,  Inc.  In  Phase  I  of  a  con¬ 
tract  with  the  United  States  Air  Force.  The  Phase  I  objectives  were  to 
define  and  evaluate  on  paper  the  technology  and  potential  economics  (with¬ 
out  the  benefit  of  adequate  laboratory  and  pilot  plant  data)  for  three 
different  processing  schemes  for  converting  100,000  barrels  per  calendar 
day  of  raw  Paraho  shale  oil  Into  aviation  turbine  fuels.  Each  processing 
scheme  was  developed  using  limited  data  generated  by  Sun  Tech  plus  litera¬ 
ture  sources.  Screening-type  process  design  bases  and  cost  estimates  were 
prepared  to  compare  various  costs  for  maximum  yields  of  JP-4  versus  JP-8 
jet  fuel  and  to  compare  maximum  yields  of  selected  jet  fuels  versus  a  full 
slate  of  military  fuels.  Basic  assumptions  and  conditions  for  developing 
Phase  I  economics  were  specified  by  the  U.  S.  Air  Force.  No  attempt  was 
made  In  Phase  I  to  optimize  the  processing  configuration  or  product  slate 
for  maximum  efficiency  or  minimum  costs. 

The  Base  Case  consists  of  hydrotreating  the  whole  crude  shale  oil,  washing 
with  80%  sulfuric  acid  to  remove  the  basic  nitrogen  compounds,  followed  by 
conventional  fractionation  to  prepare  either  JP-4  jet  fuel  or  JP-8  jet 
fuel. 

Alternate  Case  IA-l,  JP-4  preparation  and  alternate  Case  IA-2,  JP-8 
preparation  processing  schemes  consist  of  hydrotreating  the  whole  crude 
shale  oil,  HC1  treating  the  hydrotreated  product  to  extract  the  basic 


nitrogen  compounds,  followed  by  conventional  fractionation,  hydrocracking 
and  distillation. 


Alternate  case  IIA-1,  JP-4  preparation  and  Alternate  Case  IIA-2,  JP-8 
preparation  processing  schemes  consist  of  hydrotreating  the  whole  crude 
shale  oil,  n,n-d1methylformam1de  (DMF)  extraction  of  the  heavy  distillate 
fraction  from  the  hydrotreated  product  to  remove  nitrogen  and  aromatic 
compounds,  followed  by  conventional  fractionation,  hydrocracking  and  dis¬ 
tillation. 

Overall  thermal  efficiencies  vary  from  82%  In  the  Base  Case  to  74-76 %  In 
the  alternate  cases.  Yields  of  JP-4  and  JP-8  In  the  Base  Case  are  about 
29  and  36  volume  percent  of  the  crude,  respectively.  In  alternate  Cases 
IA-1  and  IIA-1,  JP-4  Is  produced  In  yields  of  about  111  and  101  volume 
percent,  respectively.  In  alternate  Cases  IA-2  and  IIA-2,  JP-8  is  pro¬ 
duced  In  yields  of  about  69  and  64  volume  percent,  respectively. 
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SECTION  II 


INTRODUCTION 


The  purpose  of  the  Phase  I  program  Is  to  define  and  evaluate  Sun  Tech's 
concept  for  processing  raw  Paraho  shale  oil  Into  high  yields  of  military 
turbine  fuels.  Prior  work  to  produce  aircraft  turbine  fuels  from  Paraho 
shale  oil  Indicated  that  a  yield  of  about  70  volume  percent  JP-4  could  be 
achieved. 

Three  different,  processing  schemes->a  base  case  and  two  alternates  are 
evaluated  for  processing  100,000  barrels  per  calendar  day  of  raw  Paraho 
shale  oil. 


SECTION  III 


BACKGROUND 


In  previous  work  sponsored  by  the  Department  of  Energy  and  the  Department 
of  Defense,  Robinson  demonstrated  that  specification  quality  OP-5  could  be 
produced  from  raw  Paraho  shale  oil  (1).  The  manufacturing  processing 
sequence  consisted  of  the  following  three  steps: 

(1)  Hydrotreating  raw  shale  oil  to  lower  Its  non-hydrocarbon  content 
and  to  Increase  the  hydrogen  to  carbon  ratio, 

(2)  Fractionating  the  hydrotreated  shale  oil  Into  the  desired  boiling 
range  fractions,  and 

(3)  Acid  and  clay  treating  to  meet  thermal  and  storage  stability  re¬ 
quirements. 

A  variation  of  this  processing  sequence  was  chosen  as  the  Base  Case.  The 
variations  consisted  of  the  following  processing  steps: 

(1)  Increasing  hydrotreating  severity  to  lower  the  total  nitrogen 
content  of  the  reactor  effluent  to  300  ppm  vs.  3000  ppm  In  the 
reference, 

(2)  Washing  of  the  hydrotreated  shale  oil  with  80%  sulfuric  acid  to 
provide  product  stability  and, 

(3)  Final  distillation  Into  the  desired  product  boiling  ranges. 

Sun  Tech's  processing  concept  Is  based  on  In-house  experience.  Initially 
raw  shale  oil  Is  hydrotreated,  as  In  the  Base  Case,  then  followed  by  dis¬ 
tillation.  The  heavy  fraction  Is  extracted  to  further  reduce  Its  nitro¬ 
gen  content.  The  nitrogen  content  of  the  raffinate  phase  Is  now  reduced 
sufficiently  for  charging  directly  Into  a  hydrocracker.  The  extract 


phase,  which  Is  rich  In  heteroatoms,  Is  then  used  to  manufacture  hydrogen 
by  partial  oxidation.  Through  the  use  of  moderate  hydrogenation  sever- 
Ity,  hydrogen  Is  conserved. 

Whole  crude  shale  oil  typically  contains  approximately  2  weight  percent 
of  nitrogen  of  which  50  to  70  weight  percent  Is  In  the  basic  form.  The 
major  portion  of  the  nitrogen  Is  present  In  five  and  six  member  rings 
which  are  unsaturated  and  polycyclic  In  nature.  Before  crude  shale  oil 
can  be  processed  Into  transportation  fuels  using  conventional  petroleum 
catalytic  conversion  processes,  the  nitrogen  level  must  be  significantly 
reduced  or  essentially  eliminated  to  avoid  poisoning  the  acid  function  of 
catalysts.  Removal  of  this  nitrogen  can  be  accomplished  by  hydrode- 
nltrogenatlon  as  described  by  Cocchetto  and  Satterfield  (2).  Nitrogen, 
for  the  most  part.  Is  present  as  heterocyclic  compounds.  It  Is  reduced 
to  ammonia  and  removed  as  such  or  the  heterocyclic  compounds  are  satur¬ 
ated  to  basic  nitrogen  structures.  All  compounds  are  then  extracted  with 
a  mineral  acid,  such  as  HC1,  to  form  an  amine  hydrochloride.  Host  of  the 
amine  hydrochlorides  are  Insoluble  In  hydrocarbons  and  form  a  dense  and 
viscous  liquid  phase  which  separates  from  the  hydrocarbons  in  the  system. 

It  has  been  reported  by  Dlnneen  (3)  that  fractions  of  Colorado  shale  oil 
contain  pyrl dines.  Indoles,  quinolines,  tetrahydroqui nolines  and  more 
complex  structures.  Hydrodeni trogenatl on  of  these  compounds  as  described 
by  Hcllvrled  et  al.,  generally  proceeds  by  first  saturating  the  nitrogen 
bearing  ring,  breaking  the  carbon-nitrogen  bond  and  then  removing  the 
nitrogen  from  the  amine  as  ammonia  (4). 
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♦CsHiiMH* - ±!!L*C5Hi2  ♦  NH3 

I 

H 

It  can  be  seen  from  the  above  model  equation  that  hydrotreating  converts 
the  unsaturated  heterocyclic  compound  (pyrldene)  to  the  saturated  struc¬ 
ture  (piperidine)  or  the  aliphatic  amyl  amine. 

The  addition  of  anhydrous  HC1  can  form  the  hydrochloride  salt  of  either 
one  or  both  of  the  nitrogen  containing  compounds. 

c5H!  1 NH2  +  HC1  (anhydrous) - *  CgH^NH^HCl 

It  can  be  seen  that  hydrogen  would  be  conserved  by  not  proceeding  all  the 
way  to  form  amnonla. 

Examination  of  the  amine  hydrochloride  extract  showed  the  presence  of 
both  basic  and  neutral  nitrogen.  The  ratio  of  basic  nitrogen  to  total 
nitrogen  was  0.775.  The  ratio  suggests  a  bonus  of  an  additional  30% 
removal  of  nitrogen  per  chlorine  atom  Indicating  that  some  molecules 
contain  both  basic  and  neutral  nitrogen. 

Decomposition  of  the  extract  releases  HC1  and  the  recovered  extract  can 
be  used  for  manufacturing  hydrogen  by  partial  oxidation.  This  process 
can  be  represented  by  the  following  equations: 
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CgHjjNHg-HCI  n**1  »HC1f  +  C5HllNH2 

2  CgH^NHg  +  5  02 - MO  CO  +  13  H2  +  Ng 

Downstream  processing  converts  the  CO  to  H2  and  C02  via  the  water-gas 
shift  reaction. 

The  processing  sequence  which  uses  anhydrous  HC1  extraction  Is  Alternate 
1A  of  this  report.  Alternate  IIA  uses  a  selective  solvent,  such  as 
dimethyl formamlde,  to  extract  basic  nitrogen  compounds  plus  some  aro¬ 
matics. 


SECTION  IV 


PROCESS  DETAILS 


1.  Base  Case 


The  Base  Case  is  shown  schematically  in  Figure  1.  This  processing  scheme 
calls  for  hydrotreating  raw  Paraho  shale  oil  to  reduce  the  total  nitrogen 
content  In  the  liquid  effluent  to  300  ppm.  The  hydrotreated  product  is 
then  sent  to  a  sulfuric  acid  contacting  plant  to  further  reduce  the 
nitrogen  level  to  less  than  50  ppm.  The  product  from  the  acid  contacting 
plant  is  distilled  to  yield  either  29  volume  percent  JP-4  jet  fuel  or  36 
volume  percent  JP-8  jet  fuel,  based  on  raw  shale  oil  charged  to  the 
hydrotreater.  Other  products  produced  Include  gasoline  blendstock,  #2 
diesel  fuel,  #4D  diesel  or  #4  fuel  oil,  and  an  850*F+  bottoms  residual 
fuel  that  is  used  for  hydrogen  generation  In  a  Texaco  partial  oxidation 
process  plant. 

2.  Alternates  IA-1  and  IA-2 


Alternate  IA>1  is  shown  schematically  In  Figure  2.  In  this  alternate, 
the  total  nitrogen  content  of  the  hydrotreated  Paraho  shale  oil  Is  2000 
ppm.  The  hydrotreated  product  Is  fractionated  in  atmospheric  and  vacuum 
distillation  units.  The  180-450’F  boiling  material  goes  to  a  naphtha 
hydrotreater  to  clean  up  the  light  distillate  from  the  atmospheric 
distillation  to  meet  JP-4  product  specifications.  The  450-100Q*F  boiling 
gas  oil  Is  sent  to  an  HC1  treating  plant  which  yields  a  nitrogen-rich 
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extract  phase  and  a  reduced  nitrogen  content  raffinate  phase.  The  raf¬ 
finate  is  hydrocracked  to  Maximize  the  yield  of  aviation  turbine  fuel;  In 
this  case  100  percent  JP-4  jet  fuel.  Hydrocracking  yields  and  operating 
conditions  were  estimated  from  previous  DOE  sponsored  work  (5)  and  In- 
house  data.  The  recovered  extract  Is  sent  to  a  Texaco  partial  oxidation 
plant  to  generate  hydrogen. 

Figure  3  Is  a  schematic  flow  diagram  for  Alternate  IA-2.  This  alternate 
also  Incorporates  Hydrotreating,  HC1  treating,  and  hydrocracking  In  the 
processing  scheme  but  the  distillation  cut  points  are  adjusted  to  maxi¬ 
mize  JP-8  jet  fuel  Instead  of  JP-4.  A  C^-300*F  gasoline  blendstock  Is 
produced  as  a  co-product. 

3.  Alternates  1IA-1  and  I IA-2 

Alternate  IIA-1,  shown  In  Figure  4,  Is  similar  to  Alternate  IA-1,  except 
that  DMF  extraction  Is  employed  Instead  of  HC1  treating.  The  amine  ex¬ 
tract  Is  used  to  generate  hydrogen  in  a  Texaco  Partial  Oxidation  plant. 
The  raffinate  from  the  extraction  unit  Is  hydrocracked  to  maximize  JP-4 
jet  fuel. 

Alternate  I IA-2,  shown  In  Figure  5,  also  employs  DMF  extraction.  How¬ 
ever,  the  distillation  cut  points  are  adjusted  to  maximize  JP-8  jet 
fuel.  A  C^-300*F  boiling  range  gasoline  blendstock  Is  also  obtained. 
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4.  Process  Units 


For  the  Base  and  Alternate  Cases,  a  raw  shale  oil  hydrotreater  Is  used  to 
reduce  the  high  nitrogen  content  present  In  raw  Paraho  shale  oil.  Figure 
6  presents  a  simplified  flow  diagram  of  a  raw  shale  oil  hydrotreater  and 
whole  crude  distillation  section.  Guard  reactors  are  used  to  remove 
arsenic  and  Iron,  as  well  as  to  saturate  olefins.  The  distillation 
section  Is  used  In  all  cases.  The  cut  points  are  adjusted  to  fit  the 
specific  alternate.  The  vacuum  still  Is  used  to  obtain  a  1000°F  end 
point  gas  oil.  The  1000*F+  vacuum  still  bottoms  Is  not  used  In  subse¬ 
quent  extraction  steps,  since  there  was  concern  that  Its  Inclusion  might 
lead  to  the  formation  of  emulsions. 

Figure  7  presents  a  simplified  flow  diagram  of  a  sulfuric  acid  contacting 
plant  for  processing  hydrotreated  Paraho  shale  oil.  This  type  of  plant 
Is  employed  In  the  Base  Case  only.  An  80%  sulfuric  acid  stream  Is  mixed 
with  hydrotreated  shale  oil  at  5  pounds  of  acid  per  barrel  of  hydro¬ 
treated  shale  oil.  The  raffinate  leaving  the  acid  settler  Is  washed  with 
water  before  being  sent  to  fractionation.  The  heavy  extract  phase  Is 
neutralized  with  caustic  or  lime  solution  before  leaving  the  plant. 

A  simplified  flow  diagram  of  an  anhydrous  HC1  treating  plant  Is  shown  In 
Figure  8.  Vacuum  dried  atmospheric  and  vacuum  gas  oils  are  combined  and 
reacted  with  anhydrous  HC1  In  a  stirred  reactor.  The  HC1  raffinate  Is 
separated  from  the  nitrogen  rich  extract  phase  In  the  adduct  settler.  The 
HC1  raffinate  Is  then  neutralized  with  a  15%  caustic  solution  before 
being  sent  to  the  hydrocracker.  The  HC1  extract  Is  removed  from  the 
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adduct  settler  and  thermally  decomposed  to  recover  anhydrous  HC1  which  Is 
recycled  to  the  stirred  reactor.  The  decomposed  extract  Is  passed 
through  a  lime  treater  before  being  used  for  generating  hydrogen  by 
partial  oxidation.  The  HC1  treating  plant  Is  used  In  Alternates  IA-l  and 
IA-2. 


DMF  extraction  Is  used  In  Alternates  I  IA-l  and  IIA-2.  A  simplified  flow 
diagram  of  the  DMF  extraction  plant  Is  shown  In  Figure  9.  DMF  and  a  wide 
boiling  gas  oil  fraction  are  fed  counter:  *^*ntly  Into  the  extraction 
column.  The  reduced  nitrogen  content  phase  Is  taken  overhead 

and  Is  stripped  of  DMF  before  being  si*fc  'm  v«e  hydrocracker.  The  nitro¬ 
gen  rich  extract  phase  leaves  the  Jsefrto*’  it  the  extraction  tower  and  Is 
stripped  of  IMF  and  dissolved  raffinate.  The  extract  Is  then  sent  to  the 
partial  oxidation  plant  for  hydrogen  generation. 

Raffinate  hydrocracking  Is  employed  In  all  alternate  cases  to  maximize 
the  yields  of  jet  fuels.  A  schematic  flow  diagram  of  a  single  stage 
hydrocracker  with  extinction  recycle  Is  shown  In  Figure  10.  The  hydro- 
treating  reactor  Is  used  to  clean  up  the  raffinate  feed  before  It  enters 
the  main  hydrocracking  reactor  where  most  of  the  hydrocracking  takes 
place.  The  cut  points  taken  off  the  fractionator  are  adjusted  to  fit  a 
specific  alternate. 

5.  Material  Balance  Sum arles 

Material  balance  summaries  for  maximizing  JP-4  jet  fuel  from  whole  crude 
shale  oil  are  presented  In  Table  1.  Refinery  fuel,  electricity,  and 
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steam  Mere  converted  to  a  fuel  oil  equivalent  (FOE)  basis.  Based  on 
total  energy  Input  to  the  refinery*  26.8  volume  percent  JP-4  is  produced 
In  the  Base  Case,  91.3  volimie  percent  JP-4  in  Alternate  IA-1  using  HC1 
treating,  and  88.2  volume  percent  JP-4  In  Alternate  I IA-1  using  DMF 
extraction. 

Table  2  presents  material  balance  summaries  for  maximizing  JP-8.  Using  a 
basis  of  total  energy  Input  to  the  refinery,  32.6  volume  percent  JP-8  Is 
produced  in  the  Base  Case,  57.1  volume  percent  JP-8  In  Alternate  IA-2 
using  HC1  treating,  and  56.0  volume  percent  JP-8  In  Alternate  IIA-2  using 
DMF  extraction. 

6.  Phase  I  Economic  Evaluation 


Guidelines  for  developing  Phase  I  economics  are  given  in  Table  3.  A 
September  1978  cost  base  Is  used.  Crude  shale  oil  Is  valued  at  $16/Bbl 
and  all  product  fuels  are  equally  valued  at  $21/Bbl.  These  prices  Mere 
used  for  calculating  Interest  charges  for  working  capital.  Preliminary 
estimates  of  plant  capacities  and  Investments  are  presented  for  the  Base 
Case  and  for  maximizing  JP-4  In  Table  4  and  for  maximizing  JP-8  In  Table 
5.  The  main  hydrotreater  and  the  Texaco  Partial  Oxidation  plants  account 
for  the  majority  of  the  processing  facility  costs.  Total  capital 
investments  range  from  $582.0  million  for  the  Base  Case  to  $834.0  million 
for  Alternate  I IA-1.  Preliminary  product  costs  for  manufacturing  JP-4 
from  whole  crude  shale  oil  are  given  In  Table  6  as:  $0. 59/gal Ion  of 
product  for  the  Base  Case,  $0. 61/gallon  for  Alternate  IA-1  (HC1),  and 
$0. 67/gallon  for  Alternate  IIA-l  (DMF).  Optimization  studies  were  not 
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performed  for  this  evaluation.  Preliminary  product  costs  for  manufac¬ 
turing  OP-8  from  whole  crude  shale  oil  are  given  in  Table  7  as: 
$0.59/ga11on  for  the  Base  Case,  $0.61/ga11on  for  Alternate  IA-2  (HC1), 
and  $0. 66/gal Ion  for  Alternate  I IA-2  (DMF).  Results  of  the  various  pro¬ 
cessing  routes  are  summarized  In  Table  8.  Plant  Investments  ranged  from 
$5820 /MB  of  raw  shale  oil  feed  for  the  Base  Case  to  $8 340 /MB  of  raw  shale 
oil  for  Alternate  IIA-1  using  DMF  extraction. 
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SECTION  V 


CONCLUSIONS 

1.  Preliminary  economics  show  that  In  the  Base  Case  where  a  complete 
range  of  transportation  fuels  Is  produced,  the  estimated  total  In¬ 
vestment  (Sept.  1978  midwest  location)  for  a  shale  oil  refinery  Is 
$582  x  10®  vs.  about  $300  x  10®  for  a  conventional  petroleum 
fuels  refinery.  This  suggests  that  shale  oil  refineries  are  consid- 
erably  more  expensive  than  a  corresponding  petroleum  fuels  refinery 
of  the  same  size.  When  JP-4  fuel  Is  maximized,  capital  costs 
Increase  to  about  $790  x  10®  in  the  case  of  the  HC1  Extraction 
alternates  and  up  to  about  $830  x  10®  for  the  DMF  solvent  extrac¬ 
tion  alternates. 

2.  Raw  shale  oil  hydrotreaters  are  the  most  expensive  refinery  units  in 
the  processing  schemes  with  hydrogen  manufacturing  facilities  and  the 
catalytic  hydrocracker  following  In  that  order. 

3.  Total  manufacturing  costs  vary  between  594  to  674  per  gallon  ($25  to 
$28  per  barrel)  of  product  with  raw  shale  oil  feed  at  the  specified 
cost  of  $16  per  barrel.  Maximizing  the  yield  of  a  specific  product 
Increases  both  capital  Investment  and  processing  costs. 

4.  HC1  treating  of  hydrotreated  shale  oil  provides  an  effective  method 
for  removing  nitrogen  compounds  from  the  hydrotreated  shale  oil, 
while  conserving  hydrogen. 
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5.  DMF  extraction  of  hydrotreated  shale  oil  Is  also  an  effective  method 
for  removing  nitrogen  compounds  from  the  hydrotreated  shale  oil ,  but 
It  Is  more  capital  Intensive  than  HC1  extraction. 

6.  A  minimum  refinery  thermal  efficiency  of  701  should  be  attained  using 
Sun  Tech's  proposed  processing  schemes. 
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SECTION  VI 


RECOMMENDATIONS 


It  Is  recommended  that: 

1.  Data  needed  to  optmlze  processing  schemes  and  balance  product  slates 
be  obtained  In  the  pilot  plant. 

2.  Trade-off  studies  be  undertaken  to  evaluate  the  relative  merits  of 
HC1  treating  versus  OMF  extraction  of  hydrotreated  shale  oil. 

3.  Operating  severity  In  the  raw  shale  oil  hydrotreater  required  to  pro¬ 
duce  sufficient  extract  to  meet  refinery  hydrogen  requirements  be 
defined. 

4.  Catalyst  life  studies  be  Initiated  for  the  raw  shale  oil  hydrotreater 
and  gas  oil  hydrocracker  catalyst  systems. 

5.  The  HC1  and  DMF  extracts  be  evaluated  as  potential  feedstocks  to  the 
Texaco  Partial  Oxidation  plant  for  hydrogen  generation. 
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Figure  7 

BASE  CASE 

SIMPLIFIED  FLOW  DIAGRAM  OF  SULFURIC 
ACID  CONTACTING  PLANT  FOR  PROCESSING 
HYDROTREATED  PARAHO  SHALE  OIL 


Figure  » 

SIMPLIFIED  FLOW  DIAGRAM  OF  DMF 
EXTRACTION  PLANT  FOR  REFINING  GAS 
OIL  FRACTION  FROM  HYDROTREATEO 
WHOLE  SHALE  OIL 


LT  HYDROCRACKATE 
(Cut  point*  o4juitid  to 
fit  ipOCtftC  OlttfftOt*) 


TABLE  1 


JP  -4 

Overall  Refinery  Thermal  Energy 
Efficiency,  * 


Overall  Refinery  Thermal  Energy 
Efficiency,  % 


TABLE  3 

BASIS  FOR  DEVELOPING  PHASE  I  ECONOMICS 


GENERAL 

1.  Capital  and  operating  costs  estimates  for  each  refining  scheme  based 
on:  a)  In-house  data.  B)  Literature  sources. 

2.  Processing  schemes  not  optimized. 

3.  No  allowances  for  transporting  raw  shale  oil  to  refinery  or  finished 
products  from  refinery  are  Included. 

PLANT  COSTS 


Location: 

Mid  West 

Type: 

Grass  Roots  (adjacent  to  existing  refinery) 

Cost  Base: 

September  1978 

Feed: 

Whole  raw  shale  oil  (Paraho) 

Tankage: 

30  days  storage  capacity  for  raw  shale  oil  and  products 

Crude  Rate: 

100,000  BP CD 

Utilities: 

Available  at  plant  site  at  costs  specified: 

Electricity 

Steam 

Fuel 

Cooling  Water 

CAPITAL  RECOVERY 

Equl  ty 

Financing: 

Debt 

100%  Financing:  10%  annual  Interest  rate 

Return  on 
Investment: 

15%  discounted  cash  flow  after  taxes 

Plant  Life: 

16  years  with  ze  o  salvage  value 

Depreciation: 

13  years  sum  of  years  digits 

Federal  Plus 

State  Tax  Rate: 

50% 

Investment  Tax 
Credit: 

10%  of  capital  Investment 

Working  Capital: 

30  days  Inventory  of  crude  0  $1 6/Bbl  and 

30  days  product  0  21/Bbl 

-  30  - 


TABLE  3  (Continued) 

BASIS  FOR  DEVELOPING  PAHSE  I  ECONOMICS 


OPERATING  COSTS 
Direct  Labor 

Operators :  $9 . 50/hr. 

wtd.  avg.  $8. 80/hr 

Helpers:  $8. 50/hr 

Supervision:  25%  of  labor  costs 


NOTE:  4.2  shift  positions  plus  10%  relief  required  for  continuous 
operation. 


Overhead: 

100%  direct  labor  (fringe  benefits,  overhead, 
general  and  administrative  and  control  laboratory 
costs). 

Maintenance,  Local 
Taxes  and  Insurance: 

4.5%  estimated  erected  plant  costs 

Start-up  Costs: 

5%  estimated  erected  plant  costs 

Crude  Shale  Oil: 

$16.00/Bbl.  at  plant  site 

Product  Values: 

All  fuels  equal  ($21.00/Bb1.  for  calculating  working 
capital ) 

By-Products:  Amomonla  -  $1 20/short  ton 

Sulfur  -  $53/1 ong  ton 

UTILITIES 

Fuel : 

$2.50  per  106  net  BTU's 

(FOE  bbl.  0  6.0  X  10®  net  BTU's) 

Electricity: 

3.51  per  kw  hour 

Cooling  Water: 

34  per  1,000  gallons 

Saturated  Steam: 

600  pslg  0  $3.90/1,000  lbs. 

250  pslg  8  $3.30/1,000  lbs. 

50  pslg  0  $2.50/1,000  lbs. 

Catalyst  and 
Chemicals: 

At  cost 

Royalties: 

Running  basis 
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Total  Capital  Cost 


(45%  On-Sites  Minus  Tankage)  165.3  227.6  239.9 


TABLE  6  (Continued) 


Adjusted  Crude  Cost,  i/B  16.40  14.99  15.89 

TOTAL  FUEL  PRODUCT  COST  $/B  (tf/GAL)  Z4.98  (59)  25.60  (61)  27.79  (66) 


TABLE  8 


SUMMARY 


BASIS:  100,000  BPCD  WHOLE  RAW  SHALE  OIL 


JP-4  PRODUCTION 


Processing  Route 

Hydrotreat 

Acid  Wash 

Via  HC1 
Extraction 

Via  DMF 
Extraction 

Jet  Fuel  Yield,  Vol.* 
Based  on  Crude 

29.3 

111.2 

100.6 

Plant  Investment, 

S/MB  Crude 

5820 

7920 

8340 

Total  Cost,  Including 
Crude,  S/B 
tf/Gal 

24.98 

59 

25.45 

61 

28.13 

67 

JP-8  PRODUCTION 

Jet  Fuel  Yield,  Yol.% 


Based  on  Crude 

35.7 

68.8 

64.0 

Plant  Investment, 

S/MB  Crude 

5820 

7830 

8230 

Total  Cost,  Including 

Crude,  S/B 

24.98 

25.60 

27.79 

tf/Gal 

59 

61 

66 

I 
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